Abstract. 2014 Neutron Small Angle Scattering has been used to follow processes of particle aggregation in ferrofluids under various conditions of temperature and externally applied magnetic field. Cobalt particles, stabilized in toluene by one of two surfactant materials, showed neutron scattering characteristic of highly aggregated systems. Low temperature quenching in a strong magnetic field caused physical shape anisotropy to be fixed in the samples. A smaller particle system revealed no magnetic anisotropy after removal of the magnetic field whereas the larger particle system did retain anisotropic magnetic characteristics while held in the solid state.
. However it may not be realistic to assume that the degree of aggregation found in the liquid phase is the same as that on drying. X-ray scattering [3] has been used to study particle structure and grain correlations in ferrofluids and so too has light scattering [4] . Both [2] by the thermal decomposition of cobalt octacarbonyl in toluene-Hg held at its boiling point. The [7] . For samples held in the high fields, which showed nuclear isotropic scattering, the magnetic, IM(Q) and nuclear, IN(Q), scattering intensities were extracted from the intensity components perpendicular and parallel to the applied field as explained previously [5] . 3 . Results. - figure 4 for the MOT sample and figure 5 for figure 6 for the Sarkosyl sample. These changes observed for both colloids are attributed to the formation of aggregates on lowering the temperature. As the temperature is lowered thermal effects become progressi- vely less efficient in overcoming aggregation due to the magnetostatic interactions between particles. There is strong experimental [9] and theoretical [10] evidence that the aggregates exist in the form of chains. See figures 8 and 9.
On rotation of the solidified colloids (at low temperature) through 900 in the presence of and with respect to the magnetic field applied during quenching, the anisotropic interference pattern followed the change in field direction. This contribution to the scattering is therefore consistent with magnetic scattering of the neutrons by the aligned magnetic moments within the particles.
It would appear that the interference pattern due to nuclear scattering of the neutrons by the chains or aggregates is significantly weaker than that of the magnetic scattering. If the two effects had been comparable, the interference pattern as observed for the sample after rotation through 900 should have been roughly isotropic.
At low Q there appears to be some quenched-in anisotropy i.e. the anisotropy is fixed in the sample and is not dependent on subsequent changes in the field direction. This quenched-in anisotropy is attributed to the nuclear scattering of the aggregates present. In addition, at low Q, there is also an anisotropy attributed to magnetic scattering. This is clearly illustrated in figures 7d and 7e for the MOT sample. In figure 7d the magnetic and nuclear anisotropies enhance each other whereas in figure 7e Fig. 9 . -Monte-Carlo computer simulation of « chaining » of magnetic particles in zero field [10] .
after the sample has been rotated by 900, the anisotropies are at right angles to each other resulting in a rather isotropic-looking pattern. On removal of the magnetic field, the dominant anisotropy is clearly seen to be due to nuclear scattering (see Fig. 7fi .
The increase in the intensity of neutrons scattered to low Q, for MOT colloids in figure 7d compared to figure 7a arises because of the presence of aggregation. For the Sarkosyl stabilized colloid containing the larger cobalt particles, the anisotropic interference pattern does not disappear when the field is removed (Fig. 6fi . This arises because the magnetic moments of the particles remain partially aligned even on removal of the field whereas for the MOT sample the moments become randomly oriented, i.e. the Sarkosyl sample would be expected to have a remanence at low temperature whereas the MOT sample would not.
The explanation of these observations is quite straightforward. The magnetic moments of single domain particles tend to align themselves in the direction of an easy-axis of magnetization. The barrier to rotation (Neel rotation [11] ) of the moment from an easy-axis direction to another or opposite direction is given by K V where K is the effective magnetic anisotropy constant and V is the volume of the particle. K will depend not only on the crystalline anisotropy but also on the presence of any particle-shape anisotropy [12] 
